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Abstract 



A disk array controller providing a variable configuration data path between the host system and the 
individual disk drives within a disk array and parity and error correcting code generation and checking. The 
controller includes host interface logic for converting data received from the host system via a 16 or 32-bit 
SCSI bus to 16. 32 or 64-blt data words multiplexed across one, two or four 16-bit buffer busses, and for 
converting data received from the buffer busses to the proper form for transmission to the host system. A 
bus switch, Including an exclusive-OR circuit for generating parity information, is connected between the 
buffer busses and six disk drive busses for directing the transfer of data and parity information between 
selected buffer and drive busses. The controller further includes a storage buffer connected to the buffer 
busses to provide temporary storage of data and parity information. The host interface logic, bus switch and 
storage buffer, under the direction of an included processorand DMA control logic, performs array read and 
write operations requested by the host system in accordance with RAID level 1 , 3, 4 or 5 protocols. 



Data supplied from theesp@cenettest database - 12 



http://12.espacenetxoin/espacenet/abstract?CY=ch&LG=en&PNP=US5257^ 9/3/2004 



JP 5-19 7495 



Pag e 1 o f 22 



(19)0*®#lf;f (JP) <12) ^ IB 4# i¥ ^ ^ <A) <ll)1^l^aiS^P5#^ 

#M¥5- 197495 

i^yjkmB ¥*5^(1993)8^6 0 

(51) Intel.* si^jia^ fff^mm^n fi mm^^m 

G0 6F 3/06 3 0 1 B 7165-5B 

R 7165-5B 







m)mmx 


592089054 












¥^4^(1992)8^140 












7:^^Jtl^»m 45479 ?f/W:t> 5=-f 




7 4 6 3 9 9 






(32)fil5feB 


1991^8^160 




1700 




(US) 




X If—. 








T^U:^'^*© 67037 :^>-tfx, ^- 








tf— . 8652 
















T^U:^'&*S 67203 :^>if:;^, -i^-f 








xp?. V'i7>h 1851 






(74) A 





(54) C^ig<D^5ft:] '7^^X>:^Tl/— n>hn— ^(DT-^^T^^^ir 



(57) iwmi 

[@&<Jl h->XT-A:feJ:tX7^^X^TW-|^<D5^>r 
r^X ^ -«iE n - K i:=^^§fT -5 X ^ T l^- 

C«^^] JlcD3>hn-^tt, SCS mxi 1 
- HtC^^-r-S^^tC. A!y:7TA*XABUF-DBU 

M u ^ if ^^^ffl^f o R iiigs^^€r ;i X X -1- >y 

5^4 OOU, 4 0 0 L^ttfttf^n^. JKXh<>i$^-:7 
x-X|&3S[DlK. A*XX-f*y^, :^^Xmm/'<vyrl 
2 0\t. ^U±y^l 0 l:fei:(y^DMA$im^3iilHlg§3 
0 0<DmS<Dy\ZRAlDU^JVl. 3, 4t)U<»^5 
h3JWJc^JEoT3lNX h$^X'T-A;dt3l^-r-5r W-iK 




—757— 



JP 5-197495. _„ Page 2 of 22 



(2) 

i 

<DRA I D7^^XiJ7H5-f :/A*X^C^lK■r^3>h^- 
S^^n:t Ay :7 TAX i:^3l^$n;fc l« ^AX 
oFfl-c^-^s^-rs^StoAxx-f yf^t> *-&tr 

a >tri— ^^-v'X^is.Ax&'f x-rsn 

1»lfe©A-/:7TAXi:. W 

m^T. hA;^:teJ;tfM^I&<^A^y:7TAXF^t::^j^;^ 
n, K^l^x hAxt^^(ll&<7>Ay:7rAxo5-^;0^eilS 
nt^L^iS. < L fe-OiD A y :7 r AX ^:OraT5^-i5^ 

^^•r^il^x h-f >i$'-:7x-x 

^Igl&A-/ r AX*3cfcr/^m F^-r :/AX^:<DF€(C 

^^^$n, -m(om.iR^nft/'<yy7/^7.^-m(Dm^ 
$n;t H^-r yAXtz^g^-rsA^xx^ y^ii^-^tru 

'^^\zmmw^yyr/^7s\zt^m'^n. ^a^^tAx 
^A>;/7rAX±JctB*'r*A*y:7T»iW^e&^ty3 

d Si^tf -6 n > h n- ^. 
^A*XX-r .y^iO^ 

K^I&cD ^-r ://N-x<D#>!7 fr^i^t-^ Axv;u^yp ^ 

^ :/ i^#>!f ;&t-5-<o^is:©/'?x \zmm^ n^mti 
t^tm^Ati^^^mv. ^xt)^^>^i)m^^^^yy 
rny.<ouf)^(DM^^^-/^^yy7\z-^n^nmm^n 
WrlBi5-«»:Ax•7;^^::/'l/^1^«Sr'&tr^:^:&iWF 

feAxx-f ^StX:^^g&^t'reAUx>f 

^^iHlgS L T ^: n ^ A;^]^<^^>ir A :7 r A 



#i8¥5-l 9 7 4 9 5 

2 

Km-^»A*XV;l/^:/U'i7lj-^>!r;^t, StAUx-f^^ 

s^ifc A* :7 r /N*x <D^M tc-en^n^^iS^r ^ A'x tji. 
5" ^ ^ it*^ ^ ;^ ^^-cD^gf^/ tx v;i/5^ :/ 1/ ^ -y-^ 

Xlc^{!^$n^ttJ:^^^^®IScDA;b^t^^U> cne» 
A;^i^}^^^1gifi:(0 K^-f :/AxcD;^;0^co^)i£;-r^-AX 

[«*3^8] i»^:iK7{rlB«K©n>hn-^t;i*5ViT, 
^AXX-Y-z^Tif^^^^tc, 

^fi:a>A:^i^S:Wt-^A U ^^(HliSStcUTlinS A 
^^n:^l&AXT>lV^:/Ui/1^-(D^>??;^ft, ^AUx^r^ 

SII=:««t<DAX-7;l'^:/U^7'y-*^ ~a:b3gi:^ScA 
:b]^<h^^U cne.A;bi^;!>m®l&f«^-1':/AX(D5fc* 

W\ g T'-r ^^iBjg&^^rn^ AX v;i/^:/i/^-9-<^ai:^ 
nfc A:t^^ ^-^Cr d a: .h-r S n > h n 

— ^. 
T> 

^ H >^Ax<7>a->«r ic0iii$n:t c R cm^^mzXy 
ftiiEa - H L^^-r -5 C R C ^3aiplg&$ $ ^ tc-^ 

T, KCRCiiiiEgS*^ 

T^-r X ^ r »#3&*:^'< u-s^ 3 >«ara*om— ^ 

^Axx-r ^Ay:7rl&j^^g:. tKU 

X/5^~i5'AX*5.fct/«|^<D$II^^tffilLS^l!^$nfc:/ 
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3 

•r^Jl^X >^-y:r.-7.^Wtt.. 

^n. ~mo:>m.iR^nitnvyr^^7s^~m(DWsi^n 
ft K^-f y/N'xn^g'&'r^Axx-r y^mwct. 

R2ttx h nxd* 16tf»yhSCSI /^T.^^^. 

WiU^(onvy7nxiim^(oi 6 tf^ v?'^vyrnx 
^f^-Do^scs ir^-:/^^^^. ^y^^^^^fi^^ 

to 0 0 1] 



(3) i|#§i¥5-l 9 749 5 

[0 0 0 2] 

HBtmmmt^^zmm-f^m^^m^fft. 

JcflatfCT^^ X e> jS: Sii^ ^ ^ U X 

i^? ^x<Di4tgorRi±a:-^u;iv^?^^«> ^a^^nrb^ 

CO 0 0 3] 'T>(7.^rv-\t. -A^m^n-(y.(D^ 

-m^^m\z^<(^'^^n^»mr^it^'^is^r^it. m 

20 (D±mMm'f^ys^<D^^\zmm'^—:^'V. ¥-o:*c 

m^/Whmz^\^'^x-'m^^x^^. ^<<Dm^. m 

:io^xsmkym^&\z^\^^xy'^ :^^7u-i(imnxv> 

[0 0 0 4] mrfoir-c :^^ru—<DmiYxmr)m^:^ 
mt. T^-tr^yF x-r A;5'-y>. ;^f-x ^^yy 

>, :feJ:tX^>5=>f- X^y^^ ;^!y^;/ mm 
fSiy^^f :^^K^yU'-o:>M (Redundant Arrays of Inex 
30 pensive Disks. RA I D) j iij^T-S^— A*— vt^^T 

:t:/-:i(7U:7:t;^nT ujfi-h muCB/cs 

D87/391^ (1987^1 2^-^) J;:Kil^$nT 

>f xi^r^-«^jt*ia:ft^bTVi*o Mthmmy^m^}-^. 

RAID 1 >'X5^A-e, Cn\t—^&.±(Dy^—^ 

^y^^f X^^Z^ftifi^X^-^^i^m-^. X^-«^3Se 

jlnixw'X^T&^Jffl^n^. 
[0 0 0 5] 3'>5^A3>h:3.— f >3— 2SP~"r 
>y F^f:^^?> 1 9 9 0^1 ^^Z^ff^nft^ >y'J^9^^=:. 
*;n^3i^-hlS9 0. 2^tcfHifeo r^i^x^TU— o 
AU-r-rX hU >y lf>^ : fr^pJte^SrX;!/-:/^/ h^::^ 

fsm\z\m(oy'^7.i7mm'^w(^'^nx\^^. ^ico/xu 

5(? T"-<X^^lc^iB$n> /tU^^Ji;^:^>a:aS^e<Ji£*«0 
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[0 0 0 6] TU'-|^<3!)^ax-<X^^<Z)«i^»iltl3:fecfc^ 

5. cne>o«t&&7^Xh(c:fT*3^^iii:«> 3^xhco 

[0 0 0 7] $e.JC5fefT^^ll>'XT-AO#5^<(i^g»5=^ 
f«^-r:/^5j^X h>^X5^i:.JCfflSgSJI^bTlriS@^ 

6^5^-3'SS^3t^-^^T^.i'^>o Vi6v^;5<DlH!gcox^'X 

[0 00 8] 

[0 0 0 9] ^mm(D%'^—^<Dwsim\t. 3f^x^>'X^ 

Aiix^Xi^riz-lCl^^n^WJT'-rXi? H^i':/i: 

[0 0 10] ^^m<DW\o^m\t. /^^Jv^^^xujl^ 

[0 0 11] :^^m<D'^^\ZWl<Dn^U. V^ai^^^OiS 

i^©7^>r Xi> j<^-f ::^*f^^^T-^<«I^T^S7^^ x^^ 

[0 0 12] 2[s:5g^<Z)$i&{c;5ijCDMjStt, (.^aV^^OR 
[00 13] 

— X (interface. mM) T^'r-C 7.!7rU—:J> hu 
-^f^^^X^tl^. Il(^)3>>D-^«^R3)>Xb->X 

5"Atig^j^$nfc;^xhA'x<h. ^^T^^rx^ru—i^ 

X hA*X<i:, sJnX h;tX;feci:tXM^^nfe— J^±OA^y 
:7 r A*x W-CT^-rJ^aMT ;fc8i>cD«ISc/N* yyy a*x t 
orajcg?jK$n;fc3j>x h>r>3^-:7x-x^K?&^tf, 



(4) #g|¥5-1 9 749 5 

6 

F >^A-x tiSBBA*-/ :7 T A*x i:cDF^tcg?^^n;fe A* 
XX'1'!y5^&#tr. Cl<DAXX-f y5"Ji/VJx^^^S§ 
■eom:^«S^$nfc^ia©A'^^7r^3t«F 
ynx JcmrRif -5 ^ tf)^x^^. :in^ny y r /n* 

mmmw^ vyy /n*x tc^^ji^^ n-s. 
[0 0 14] ^L^zxyvu-^y-^^o^^\%. nm. 
^u^v^^^ni^yip^ummwmiO^'^(r^y\z. 

10 X F>^X5^A;0^RA I DU'^;H, 3, ^3ttt5CD::/n 

[0 0 15] 2^l^9J<0±tB^o^mjg. !Rp^, i3J:rX 
[0 0 16] 

3j^x h'i>^-y:L-ysmcRcmm^^:/ay^2 o 

. L) t7^-^5:5M-r^* ^xF-r>i5'-:7x-xiis::^ 
D-/^:? 2 0 0tiyn-k';/lJ-i 0 i(D^W(DTJc:, ::<D3K 
X Fv-X^^-Al^H^j^-r-S 1 8 tf^y Ft>U<li3 efcf^y h 
ijiO^^SCS I-2AX1 0 7^^:<D;l^Xh>'XT'A 
OIZ90<D1 8tf»y hiI@(^gPA!y:77nXABUF. BB 
UFCBUF, DBUF^COffiS:-r >3^~:7x-XT 
So A*X 1 0 7 1 0 9 U, 10 9 LT^t* 

i^iflWSCS I^*y:/<D'fe'y h (^) ;feJ;rjCl 8tf*y F 

/\^x 1 1 1 u. Ill h^iftiyXT^T. F-f y^—yj^— 
30 7smcKcmmm^2oo\ztmrr^ {CKc\x zycw 

c Rdundancy check i^K^^^^O^m • 

P'y^2 0 0^:/nir-/-9-l 0 l tcDF^t^^BS^l^^r 
FI^X/'t'-^AXI 1 3-C#;JL^ns. ^0-^^57 2 0 

0 (onwm^^^xmm^m 2 *5 cfct;tgi 3 *#fiauT^ 

[0 0 17] |^^/\*-/:7rA'XABUF, BBUF. C 
BUF:fe^t/DBUF«2}vX F-f ^^-^ ^^x-X^C R 
C^mm'^^Uy^ 2 0 0&RAMA*'y :7r 1 2 OMI/ 

jc±iB:fectrrF^AM F A*xx-r o o u, 400 

4^? Llc^jJ^-r-So A^y:7T 1 2 0«, IS:::)OA^;/7rA-X 
30^6»3[5S7 2lf-/ F«ie<oy-F (f§) afeSViti^in^co 
A-y'7TAX<D3^<^)ttjSc0-O}&^6*S^l Stf-;; F 

-5. /tXl 1 S'scOl 8 tfy F'bKfiS etfu/FCDT 
^HrX*)F^>e^-Al 1 5^:frbT^Ae>nS. 
[0 0 1 8] /XXX'<'y5"4 0 OU, 4 0 0Ll^A''y:7 
tA'XABUF, BBUF, CBUF:feJ:l^DBUFa: 
^^crixOl 8 tf y FiBF^'1'://^XADRV, BDRV, 
CDRV, DDRV, EDRV, VV>KV tf^<7>u\W^ 
50 XV';/e>5^&#;tSo rne^O^X-f^y^^Ji-A-r F 
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(5) 

7 

(routing) f^o AXX-f !y ^4 0 0 U, 400 

1 0 WikWt^^r) \zn7.7s^ ^4 0 0 U:fe J:t; 

4 0 0 \.(Dnw^m^^^mzmt^wm^^'^. 

[0 0 19] F^-ryAXADRV, BDRV, CDR 
V, DDRV, EDRV> FDRVCO#>!r«, P]g<DS 10 
CS I-2 5^AMX 1 3 OA^^V^U 1 3 0 FtC^jj^^n 
So Jltl^CDSCS I ^/NWXliT^^X^TU—^J^^K 

FT^gij-rse: ttcrso a^xadrv^ibdrvo 

Pb^ CDRVi:DDRV(Z>r^. :feJ:rJCE D R V i: F D R 

^^/7U -y^jL:^^^^ (Reed-Solomon Cyclic Redund 
ancy Clieck. RSCRC16) ^M^U 'y^500AB> 50 
0CD:feJ;r;5 0 0EF*5gf3gg$tl, sIcTU'-n^hn ^ 

CO 0 2 0] i^7.Y^>^-VaL-^mW^W:^Uv^ 
2 0 0. A'XX-f -/5=-4 0 OU, 400L. RSCRC 

1 6i&3S:/n 5 0 0 AB> 5 0 0 CDs 5 0 0E 
F, SCS iT^A-f XI 0 9U, 10 9L, 13 0A?^ 
Vib 13 0 F<D$!ll3IfiV-r ti7D:/D-fe5/lJ- 1 0 IjO^fr 
•5. . :/n-fe!yU-l 0 1, ^^(7)>^nir!yiJ-^^U i 0 
3, yn-lr^;/i^-^^A:^^l 0 5 tJilH^^^<Dffic^il 
^ttr H UX/x-;$^AX 1 1 3(Ci;t)-^Ae»ns. * 5^ 
fcSfc^-rjC^J'AXl 1 3tCtiDMA^1igft]®:/n5; 

^-^Ci^tmm^nx^^^. 1^4, s 5 tcpjaij;:^-r<i: 

■5tce:<D:/D5;^3 0 ^^<r>ms^^Wit,i^:^Y'i>^— 
:7x-XgiailfK:/o^y4^2 0 0. AXX-f»y^4 0 0 
U, 4 0 0L, S C S I -tAMX 1 3 0 A?^j:ViU 1 3 0 
F. 43^u:yci-t:^ytfl 0 UC^-rSDMA^I¥<£^^ 

[0 0 2 1] 2jNXh<>:$^-:7x-Xi&3SlHlg&yn-/^ 

2 0 0, DMA^|fiiS:/D-/^3 0 0, /tXX-f^y^ 

4 0 0U, 4 0 0 Lcfecfct^S 0 0 AB. 5 0 0CD, 5 40 

0 0 E F \Z'^i^n^^nm^^^xS^(r>m^^'^Xl^\zM 

[0 0 2 2] ®2, 0 3«— >»:i:;^j:oT, S 1 CO^J^X h 

-f>^-7x-xi&3®:/Dy^2 0 oic-g-^nssiaiiii 
K&:^D-/^iH@|-c^-r. dco^xh-f >^-:7x— X 
giMiEig&:/n 2 0 o«A'3co^^?^^^(Df^fei^a 
:;'Dy>^Ta&-5$gftiiex5^— ^xU'vX3^2 0 1. sc 

SI-2 DMAA*XA>K->x— =^'>^ (liandshaltin 

g) IISI5I5S2 0 3. A-/:7tAX DMA/N>F>'x- 
=^>i5^i&SlHl»S2 0 5, F I FO>^nyir2 0 7 A75:Vi 5(? 



1^18^5- 1 9 7 4 9 5 

S 

U2 0 7 D, /1Ux>r:^lt:/D*>r/7 2 0 9U. 209 
L, ;BJ:tX/1U5">r«S^CRC%:iyD'yi7 2 1 1 A 
;5:ViU2 1 IDSr-^tr. 
[0 0 2 3] Unm7.^-^7.VVy.^^Uv^ 2Qi\ 

/^x h^>r$'— :7x— x^31lillfS:/nyi:7 2 0 0© 
#1^, mm. fecJ:t;fU1r-/h&fT'5fcJ6(01 6tf«y 

!ail/v^x^^v^<'::):ei^-^tf. ::/n -/^^ 2 o i ti^jtT^x 

h-f — :7x— X^S>^D»y^ 2 0 OCDX^-^XS: 

^2 0 ij^o^13liex^-^xi/vx^'v<7>*7'i'^n:/ 
D-feiyi^-cDT^irXJi. i^^ST F ^X/^^-iS'A'X AD 

(0-7) , -^-iS^AxD (8-15) , ms\L^v^m 
^^^c%/. ^^mom^RD/, #^iL«>^m-^WR 

#;t6n<5. A'XAD (0-7) cfecfcr^D (8-1 5) \% 

0 1 cor H VTs/^—^n:^ 113 ir^^nso 

[0 0 24] yD»;/>>2 0 3«3l^X^-f >i$^-:7x-X 
IISlHlK:/nyi7 2 0 OtSCS I-25^M-f x 1 0 9 
U, 1 0 9 La:(^F^(DDMAS:^fTt"Sfc:i^^^J^SCS 

I -2 DMAAXA>Fv'x-=^>i5^l|3®IlIgS&^tf, 
2:CDA>K'>x-=^>i^iiaiHlKt)*;^, SCSlT^/^ 
-fX109Uv 1 0 9La:F I F02 0 7 A7^ViU2 0 

7 D ^lOMOT^-^^^'Sit^fe cfcc^^sib^i^^^jf^-r 

So :/n'y>5r2 0 3«*fc. F I FOjO^^Xt^— iJ'X*^ 
t>L<}i>';PX5^-:$^X)J>^fcJi£;i;T, Ui7XXh/#5t 
Ji&lr (acknowledge) A> H$^x-=^^>i^^£^Bai'rSo 
;t-/:7TA'x DMA;N>Hi^x— ^>^ilsiHisS2 0 

5fe, 3^Xh'1'>'^-:7x-Xfi3g|Dl8S:/u-;i7i:i5^^l? 
5/ :7 T /N*X 3 > h P — 5 1 <Z>^(Z>D M A^gj^lS^^-r 

S;^ca6, I^^OA>H>^x~:^>^il3®lPl5SSr'&tf. 

[0 0 2 5] izg^OF I FO:/Dyi72 0 7 A;^Vib2 

0 7D«. Ji^xh-f >^-7x-XI&Jffiyn-A^^i:A^/ 
:7rABUF, BBUF, CBUF, *5 J:(C;fD B UF i 

<o > H v' X > ^^#ti ^ ^^-r S CO Jcftjffl $ 
F I FO:/D .y^2 0 7 A, 2 0 7 Bt3:^>«r AX 

1 1 lUt/t^:7r/tXABUF, BBUFtCD^tC^ 
)^$n*. F I FO:/Dy^2 0 7 C, 2 0 7 D«^>er 
AXl 1 lUi:;N'y:7T/N'XCBUF, DBUF<i:CD^ 

SCSI AXlK^T^A-f X 109 L:fe<fctXP8iiO;\'X 1 

llL^r^tr;^^. :/D-/^2 0 7 B, 2 0 7Dt>*/t 

AX 1 1 1 Ltc^i^^n-s. cn^F I Fo:/o^y^<D 
«^K*J;t;i«imi:/D-/^2 0 li^coi/i^XiS'f'ctDfel 
lai^ti'S. ^F I Fo:/D>;^i^«pgr5co i 8 vv— 
F (1 6tf-/F(D7^-^;feJ:t;2tfy hODAUx^) * 

[0 0 2 6] :/n>>r:57 2 0 9U. 2 0 9L«/^XF-r> 
r$'~:7x— Xi&S:/Di/:5^iSCS I~27^/^'f X 1 0 
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9 U. 10 9 L ^(7>F^Tiift^n^T-<TC0lf ^JC^U 
[0 0 2 7] yn-/i^2 1 lA;^Vib2 1 IDttst^Xh 

[0 0 2 8] i^m±> 4^7.h^>i$^-yx.-7.mmm^ 

:/n»v^2 0 OttSCS I-2 5^/t-fXl 0 9U, lO 
9 LiP3r3C0n'y:7r ABUF, BBUF, CBUF, 

*5 j:r5D B u F tcoF,a©5*-i5' ^^^m^t-r^coizmm^ 

n-S. :/n :y ^ 2 0 0 «A*X lllU, lllLi:, ^ 

o (1) j^viu (3) (D/^:^h<Dm<D^mmm^^?i 

-5: (1) 4 + 1®©RA I Dl^^;P3(DTyU^— v' 

tHl^v'— ^>XJ^^ (rotating sequential order) \Z 
t3£oTIZgO(^)ny :7tABUF, bbuf, cbuf, 
*3J:t)tDBUF»C*fc*tS5*-i$^S:*7-HXhU y^> 
if (word stripping) "T'S r i Ic J: Ofr^) > (2) 
2+ HSORA I DV'^;1/3<DT:/U^— v'a >fC#^T 

^ytfV^-r-SCtJCJcOfr^) , (3) RAIDU'^;!/ 

i(0T:/u^->-3>:feit;¥w\*xRA I Dsryu 

[0 0 2 9] «|04:feJ:t;5Ji— ft:^bT01<Z>DMA 

^WsSis >^n >y 3 0 0 \^\z^^n^mm\3\m^7r:'r. 

DM Ammi^m:fay^ 3 0 0\t. m^iD^^U^^X 
fe-sv-f ^nyn-feyiJ-'f 7x— X3 0 1. dm 

A^>i$' — :7x— X3 2 1, A^y:7r-f — X 
3 4 1, :fe<fct;:CRC^JI?-f >:$^-:7x— X3 6 1*C^ 

[0 0 3 0] ^-f^n^U^y'^^>^—y:n—7.3 0 

i\t:k\zm\f^mm^Mrc^-«i^Wr^nft\.^^\^^^<o 

7.^y^>^^^XSm^ (::^n-;i7 3 0 5) , A. 

1® (:/D-/i57 3 0 7) , 5j^. A^y^rT^^irxtc^-r-s 
(::^D^yi73 0 9) . ::^n5;i73 0 i^<d 

T./'r—^ n7.ATi (0-15) , rHl/XA7.ADD 

R (1 6-2 1) , msxzmmyY^VT.'yv^^^-^ 



(6) iRpli^5-l 9 749 5 

BEiA BE2/. nvyy^v'Tmm^v'e>'PC 

S/, A'y:7rlilRjm^BD I R, tpH^rm^RDY 
tCctD, ^Aen^e AXAD (O'l 5) :fe<i;rXAD 

DR (16-21) \tm\<oyYvys/^—^n7s \ i 

[0 0 3 1] DMA-f ^r^'— :7x-X3 2 lfi> tJ^X h 
<>i$^-:7 x-X^MlHl5S:/n 2 0 0 
;a:lHlJS^J:rXAx;'^-r^/^4 0 ou, 4 0 0L&:frbT 

10 SCS I-2t^AWX 1 3 OA^^cCVibl 3 0 F ^jKlft-r 

-XJi^CD^^fT^ : -f. Ti5^"7^^':/DMA^-\'>:^;1/ 
Wor-lf hW->'3> (arbitratioD, Hf?) C/n 
-/^3 2 3) . n. DMA1i--f ^7;PM^<Df2fe A. D 

MAU>^o^ffo ::^o-/>^3 2 1 ^coiimti, 

DMAUi7XXbM-^HDREQ> 2f>;^ hDMAX h n 

-:/M-^hdstb/, iJ'-yy hDMA»Ji7x;5^hm 

^TDREQ. i57— y^y hDMAXhn— :/^t-^TDS 

tb, A:;^X'f ^y5^ai:^-i'^-:/;pm^BPOE/, d 
a? POEA t/nir^y-iJ-^ry^-f^^-r/JV^-^PLE/, 
*5J:tX:/n-fe»yy-#- hai:t»^4^-:/;i/fi^P POE/ 

[0 0 3 2] A»y:7r-f >:$^-:7x->^3 4 iJi, :/n 
3 0 0€:RAMA5/:7t 1 2 0 IC-f :7x— X 

-r^IMJgS^-^t^o ^ >^$'-:7x-X 3 4 1 «;^CO^tgSr 
^ItT-So ^. M;^4;<:^AW h^TcOA^y >'r7H^' 
X^^1<&TH^'X}t^'r'5^:^, D. Atyy'riS^m?) 

>3><D^II, A. ^DMA^^A'^ 
^^^JPJc^-r ^ A ^y r ^ y ^WR^m. A ^y :7 r ^ > 
3^ — 7x— X3 4 1 A2/:7rrFUXAX 
BADDR (0-18) A*y:7T0!*^5tO/##3Jt 
^fB^BUFRDA BUFWR/, A y :7 r 5^ ^/ 
#^m#ABUFCS/. BBUFCS/, CBUFCS 

/, DBUFcs/<DSI^Jc^-rsi!lffli3lii:f;:J:0, # 

[0 0 3 3] CRC^ia?'1'>^ — :7x-X3 6 11^^^ 
CRC5g^«g*J:t^l^leSJc^'rsa»raSr#;^'5. 
:$'-:7x-X3 6 lfi^^CRC^y:/^^r:>-v^-f 
X-r-STta&OUir^y hm-^S:-^;5t> C R C 
^ J;tX5]g^^-f:^^-:/;P{l:T^o >^-:7x~X3 6 1 
<l:a)Mmtt3l^X h«l^ (clear) . ItSt, :fecfctKx:7 h 
0/t«)<Dm^HCRCCLR/. HCRCCHK/, H 
CRCSHFT/, *3<ttX:$^-y^y hCO^l^. t^^:BJ; 
tX>-7 hOm^TCRCCLR/, TCRCCHK/, 
T C R C S H F T/*2im-r '5ySi:«6O0lffllj»J;ic}; D A 

[0 0 3 4] DMA§!ll|li63MyDy^7 3 0 Ott^fc, :/ 
D«y^3 0 OJCi$^-f 5>5?^, U-fe^yh, :fe irX^^X h« 
^S:#^S>'XT'A:fe.i:tX7^X h:/D^yi5^ 3 8 1 
50 tf. 
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CO 0 3 5] iif^±. ^<D'DUAmmmm'fuy^\tit^ 

-f5/5=-40 0U, 4 0 0L, SCS I-2-7^n-f XI 3 
0 A;^.!:^^^ 1 3 0 F> :/D-lriytM 0 1 tC^^f ^DMA 

v^\tmmmmiivx^^{7U':fu'^v^\ o it Mm 

^-y^y h#€r3i.^ {nyyr i 2 oot^-^^j^^^f^-T 
:/ru-Jc#^3^*n'5) . 4^. itii^^^ii.^ (scs 

[0 0 3 6] nxTs^ v^A 0 op^\z^'^n^^n^^ 
P!go<D3}xX h3}^— hJi-en-6niz9ocDa>hn— ^AB 

UF, BBUF. CBUF, :feJ:tKD BU F^CD^JI^* 
-^;l^o #^4 9 l;^j:Vib4 9 6 -r^fT V—^^- h 
-en^ny^OCDT^^XiJ^ H^-f >^/^XADRV, BDR 
V. CDRV, DDRV. EDRV, VUKVXzm^^t 
^. A*XX-f ^^^4 0 OtiABUF. BBUF, CBU 
F, fe<fcOlDBUFcDttlccO— '::?t. K^-r://lXAD 
RV, BDRV, CDRV, DD R VOffijtCO— 'Ot© 

[0 0 3 7] A*XX-f v^4 0 0CDT-=^^5^i7^Yf^= 
OO^H^D-/^, t"J^:b"^^-/^^>^^— ;V4 5 0. 
X-r »;;?'^>?:x— Jl/4 6 0, A U ^>^3.— ;W4 7 
0, )&^e>^J^$n^« ^*>^^i?:3.— ;i/4 5 0. X-f!y 
;l/4 6 0, :Ba:tX7'?U5^^^v:3-— ;l/4 7 0 

oi^llP#|jgti^n^n0 7;&:v>U0i 0 tc^ibXI^Jc^n 

TViS. 07$m'5t. ^!y^^':^rL-;U4 5 0«#^ 
4 0 l/^<j:liL4 0 4^f^b}'^l2gt5C^^^y^<&-g-tf:ii:*^ 
Mfs^^o ::n€>co^*y^f^ie-n^nAXBPA I N, B 
PBIN, BPCIN. BFDinii^^'r—d^^^m 
^>y^L>t5^— ^^/N'XBP A I NL, BPBIN 
L. BPCINL. BPD I NL&:^M^TX-f 



(7) l^ii^S-l 9 749 5 

ZL-)VA 6 o\z^'X^^<^m^n^. 

[0 0 3 8] 5»y^^>^aL-;P4 5 Ott^^tC. AXB 
PAOUT, BPBOUT, BPCOUT> BPDOU 

T, PARIN&^n^bT^ X^-/^^i/i~;i/4 6 0)0^ 

l;^Vib4 1 5&^tf. "yy^A: 1 l;^Jj:triL4 1 4coffl 
:^li^n^nA'XBPAOUTL. BPBOUTL, B 
PCOUTL, BPDOUTL(C#Aen^« ^!y^4 
1 5C0tB:^«A'XPAR I NLS:frUT/XUT--f 

j(? -)VA^o\zmm'^n^. 

[0 0 3 9] '7^y5^4 0 l;^Vib4 0 4:fecfctX4 1 l;^ 
V^L.4 1 5Ji^MU;^c5'-3^^^:y^U. t>U<ti®iS 
^'^^-«::i>hu-'y\z^r^^^'^nitmmm^\zfl^ 

^•r^>. *fc0 7JC«#-^4 2 l;5:ViU4 2 4:feJ:r^4 
3 l;^Vib4 3 5T^T> ^^^y^a)a3:^^tc^)^$n 

mt/^^yj-^ :sL^''i^^^^n^m\zx.y-mn^^^ 

[0 0 4 0] m%^^xm^\tm^\z7^'r7s-i 
20 3.— ;i'4 6 oa)i^|[B#|ja*^-r:/D5/^ii07?&'5« ^ 

v^:i— Jl/4 6 0 ^AN-tl^O 5 : 1 VjW5^r^l/^-9-4 4 13^ 
L 4 4 6 Sr^tTo )V^':/U^^<D^^Xtimtn 
XBPAINL, BPBINL, BPCINL. BPD 
INL. ;feJ:t5/1Ux^^i>:i-;W4 7 Ooai;'3^PA 

ROUTfc^S^^n^. 'T;v^:/U'^-y-coai:^^4 4 1 

J^V^U4 4 e^i-e-n-^tlAXDP AOUT. DPBOU 
T, DPCOUT, DPDOUT, DPEOUT, :fe<fc 

r^D p F o u T \zmf^^ n^. 

[0 0 4 1] X-f ;V4 6 Oti^e)tC, 

5^7 4 5 l;^ViL'4 5 4T^-riSO(0 7 : 1A*XV;U^:7^W 

^IJ-^-^tr. #'t;1/5^:/w^iJ*4 5 ii^jrVib4 5 4 0>tt 
i£;a:^^«, ax dpain. dpbin, dpci 

DPD I N, DPE IN, DPF I N. :feJ;OTA 
ROUTJ;:^$J^g$nS- AXDPAIN. DPBIN. 
DPCIN, DPDIN, DPEIN, DPFINICJi 
6 : 1 v;i/5^yi/^i^-4 5 5C0A^jSSt>^jBg^n^. v 

ji/^yu'i7i^-4 5 i/^viL4 5 ^(D^timt'tn^en. 

AXBPAOUT. BPBOUT. BPCOUT. BP 
DOUT, *5j:tXPAR I NJci^Jj^^tlS. 
40 [0 0 4 2] ^V;i/5^yi/^1f4 4 i;^ViL'4 4 611, 
AXBPAINL, BPBINL, BPCINL, BP 
DINL, ^J:tXPAROUT(Dffiig<D— t5*cne»-T 
;P5^yW'^-tf(D^J«;m;^AXfcg5l^-r^;^t«6, n>hn 

T, 'r;i/^yi/i7'tJ-4 5 l;a:ViL/4 5 5ld:^/r, 3>h 

u-'y\z^r)^^-^nitmimn\zm^\yX. ax dp 

AIN, DPBIN, DPCIN, DPDIN, DPE 
IN, DPF I N:fe<fcr;PAROUT(DffiJc<0— O^, 
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[0 0 4 3] /^^j^^^i^zL-jv4 7 o(D\^^mm}tm 

0«imr)©4 : 6 l;a:Vib4 6 4S 

-^tf. t;I/^:/I^^1J-4 6 IJiAXBPA I NL. BP 
AOUTL, PARINL, *5.J:l^B P AOUT;0^ ^>5^ 

;tXBPBINL. BPBOUTL. PARINL, *3 

J: t;B p B o u T 3^^^ p> Srsmt-'^ < n^, 

v;l/5=-:/W^1J-4 6 3«A*:;^BPC I NL, BPCOU 
TL, PARINL. ^^rSBY>CO\JTtf^^^—^^ 

/t;^BPDINL, BPDOUTL> PARINL, *3 

[0 0 4 4] n^yj-^mm^Wtnv. ^aseu, m^l^ 

nxtCOViT^toORt*>y hMI?^fT5:ii(rJ:0 
-f:/T=-i5^)0^ll#l^$ti^>o ^>?aL-;i/4 7 Ott-srji/f^ 

:/^^-9-4 6 1, 4 6 2(Da3:ft?&)^'a-r'5fc«)0|g— St 
to650RIlI5S4 7 1, '7;l/^7^l/^1^-4 6 3, 4 6 4<D 

mio^i^^r-«^m'^nrz:f^=.m^moRm^4 ? 

2, :fe<ttK»ffiWOR®?&4 7 1. 4 7 2(Dmi3^m'^ 

-r^rcsb<Dm=mm^oR\Bi^4 7 s^^t^. /t^j^^ 
^i?zL-jv4 7 o<Dmti\t. mu^^ommmoR^m 
<Dmti^^mT^<mt^^tift3 : i^;i/^yw^-t^4 

7 9\zXD^^^n^. ^)V^:fU^1i-4 7 9(Dmtl\t 

A*xx^-/5^4 6 Ofc:-^Ae>n. ±MU;tJ:3tc)^»^^T 
X-f 5/^4 6 Oi)^:i<D/^^j^^y^—^^^Mo:3>hu 

So 

[004 5] ^)]/^^U^-^4 6 lfX^^V4 6 4\t:3> 

ft'T-^/^7s^w^mmoRm^4 71,47 2\zf^^'r 

So v;l/^7'U'^-y-4 7 9li3>bD-^Jci;0%^$ 
n;rcjl^m'^t^i«?^UT^ffie^OR:t'^U-v'3 ^td-^ 
^nsnxODSkS^ISTS. 09;5tJjRA I DP-^JVS, 

u^^nr:iy'-:$^^^^'r^rzib\z\trzrz-rD(D/'<:^^ 

[0 0 4 6] mi Itiiai JC^TU — K-vn^> -^-i 
i7Vy^K-Biik^^ (RSCRCl 6) :/n-/i7500 
A B tC^*nSifeSl9l?&0:/n ^mmX$>^. RSC 
RC 1 6:/Dvi57RSCRC 16 500ABliF^-f 
:/;lXADRV, BDRV±(C>x-:$^eJ^O:t*«>X5^ 

(support) -rs. 2:<D:/Dyi^«Hr)<o 

-X5 0 1, ADRVA'XRSCRCl 6«^3ieSi/^^ 
185 0 3, iScfctXBDRVAXfflRSCRC 1 6«l2tag 
/^^§§5 0 5, ^^tSo 
[0 0 4 7] V-f ^D:/D'fe!yiJ-'f :7x— X 5 0 
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j^S^-g-tJ. :/D-/^^ 5 0 i^cD-7-f ^D:/nir»;/-t^<^T 
^fiffc^nfeTFux/x-i^nx 1 1 3, 

MK>m^Rvy. m^j^^mny^R/^ommmn^m 

[0 0 4 8] RSCRCl 6fg^Sg/«aESg^5^ a.-;!/ 
10 5 0 3, 5 0 Sfi^n^nAXADRV, BDRVJ'>t# 

:7x-X4 9 1, 4 9 2X)^€>3l$S>^hD-:/Dv:;>:7m^ 
ASTB/, BSTB/t, CRC^m>^-:7x- 
X3 6 l;^l^e5^S^Sm^ACHECK/, BCHEC 
K/t, hm^ASH I FT/, BSHIFT/^ 

^m-r^<^SJ!^^ns. rscrci 6%^^/tfe3Stss 

^z^zL—)V5 0 3 43j:t/5 0 5ti[^— T^S. 

a; [0 0 4 9] RscRci 6!fl!^ss/;^2ei§^';^3.— 

ti, "r—^^yyv^ (dala-iD latch) 5 3 45^>^^5^ 

-^^^^^^<mm^nfz.^mi^oR^^ (ia®(7>x 

OR) 5 2 It, ^^!y^5 2 2i:&'& 

tJo '^^^/^s 3 4ti;i(D^i^rL— ;KD^i«:©F^-i':/A 

^A^nSv— Ft^— ^ (seed data) ^tz^tyjlyr 
v;P^:/l/i7-9-5 2 830^^»e)nS7-<-HA-;^5^-' 

30 5 2 i©ai:^^lirjl/>'rv;i^yWi:;-tJ-5 2 8^<DA 

[005 0] S12(DRSCRC1 6 %^g§/t^leSg^ 

>?aL~;KDlftf^(i;^<DSO-c^S. (1) 
jO*THW'X/5=^-3^/tXl 1 Sj^^^v'-F^^/^S 2 5 

F (EDO 4#14^^rsJ;^fcjl«^nSo (2) F 
'7^^n7.±\zm,t:^n^Xil7^'-^fi^'f-^^>'yv'^ 
5 3 4^JC^>y5^ff86^n, :7^-F7'-i$'J^>^T=^3.^ 
^p_^^.^5^5 2 2'4^i;i^-/5^W«)$nSo (3) T 

V^bZ4\HOy'-^t.^m^ORm.n (XORMff) 

^nT-€-coj|sm55>«T;i/:7Tv;i/^:/^i^if5 2 stc^;^ 
GtiSo (4) -JiflcD|^[Bl^^®iHlK^^or;i/:7rv 

;W^yUi7i^-5 2 8 3&<^j3fe5^-:^tC-7'^<D@^|^S^SE 

■rs. (5) r;w:7T'7Jw^:?^u^iJ-5 2 8<otb:^)(>^r 
[0 0 5 1] ;3^x!y:^2?ii^U4«F^'f :/A'x±<o5^ 

--^B>\Z^^'^X\tr^:jL^o.\y-'$r^y^S 2 2^\Z 

50 ^y^mtb-^nrcimmmf)^> ^m^ntty'-^ii^izh 
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tlf^tf^^ltZ-ii^Th^^^u^^ (all sero conditio 
CO 0 5 2] ±jd£Lfcn>hD— ^T-^T-^ 

(data manipulation) n :^ > h f^R A I DU^ 

[0 0 5 3] ±^(D:t^U—>3>(D\,^<^MzmV}^ 

[0 0 5 4] RA I DU^;i/3CD> 4+lM (mzXDy^ 

^:^^U—iyB>}t;k<D^3\znt>tl^o A*X 1 0 7jiS 

(I 6}dyh<Dy'-^t2}dyhO/^V9'^mm) 
\Z^t^^n. 3j^Xh-f >3'-7x'-X2 0 0;cJ:>5A!y 
:7rAXABUF, BBUF, CBUF, *3a;t^DBU 

F±fc^a^$n> A'y:7r 1 2 0 ^\zm^yL^n^>. 

X-1'y5^4 0 0L» 4 0 OUiCcfcOUgoCDH^-f 
X» ^^lAJiAXADRV, BDRV. CDRV, DDR 

mW^n5^t\zJ:r)/^ijy-^mm^lt\'W^^. 

:/F F ^-f :/t UT«^$ ns. 

[0 0 5 5] RA I DU^;l/3^^^0:^^l/— v^3 > 
liH^-r://N'XADRV, BDRV. CDRV. DDR 

?a:ViL.D, f)^^^—d^^m^^^^i:L\Z^r>nt>tl^. 
il©5^-~:5'faA*XX-f ^;/^4 0 OL, 4 0 0U, A*y>' 
tAXABUF, BBUF, CBUF. :fectr/DBUF 

^mi^xnvvri 2o\z^x^n^. mco-t^v-i^ 

B>\z^^'^X'r—^iA^on^:^y7t^iE>^^m^n. 
xh-i'>i5^--:7x— X2 0 o^j^^ti'S* -^y^—y^L 

-X2 0 0«SmUfc6 4lf>y hC05^-:$^^7^Xh>^X 
xA'vSIM'r^/t^), 1 6tf5/h*fctt3 2Hyh (A 

U-x>rit^^^<) (D^^ic^ift-r^. Axx-i'-z^^i^ 
(xoRit^) ^n. F^'<:/A;^v^bD*^i5®g*n;t 
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[0 0 5 6] T^^X^ F^-r:/CO-OCOiK(^(^rc86lCT 

yommzn^x^^. mx\3i. %i.^^3^^cfim 
rnvrdt-r^t. ^r-^Yy^^K. -e.^^isot^^h^ 

F^-f:/E3&^^#e>n;tAU7^>r^^i:jie'&-r 

iliid^-r^^o :S^$ti:t5'-i57ttA^;;:7 7AXCBU 
F±tCE$n> F^^:/A. B:fecJ:Z/D30^^f§fc7'-:$^ 
i:^lCAy:7r/N*XABUF» BBUF:fecfcU^DBUF 

±j;:ed^n. A'y:7Ti 2oic-^A.en. 

il?S^^i:J}^X h>'XxA'vCOil|^t<&fT5fc5?), :J^X 
h-f — :7x— X2 0 OtC-^A.^n-So i:CDi^:bDi: 

F ^-r :/F (cJ^x^<fc ^^f^-r s t t)i?^^)o 

[0 0 5 7] RA I DI/'^;i'5(D#^aat*?f^U'— v-g 
^^-'fv h^-^^J:Wvj^^y'>cy.^}^y^^i)^ 

20 ^mmz^^y&L^^<m^^ntmti\tu^f^\^^. m<o 

^>^aL-;n^TxoRig^^n, -ecDjjgmtiM^urcA 
vyrny^^irvx^mnvyyi 2o^^x^^ti^. 
:z<D:^^v—iyB><onm^. Jj^XhvXT^Ad^eSm 
\^rzmm(Ov'-i^^'^it. n^yr 1 2 0'\#€riA.*n 

mM^fixn^yr 1 2 0 t*&j^$nfcj|gm&nxX'< 

yV'r-^vy^^^xk^n^. mmn^)^^nnvy 
30 712 of)^iE>^m'^n^xoRm»m^i^mtmmy'- 

i5^i:*XOR?aj?t-rscii:tCi:D%^^n, AUx>f F 

[0 0 5 8] RAlDU^)VS(Dm^^O:t^U—yB 

^'^^^ItD ;iCD^-5^S:AXX-< -/^:fecfct;J3j^X h-T 
>:^->'x— X&:/M^TAX1 0 7 ±lcM^r ttCfc D 

'5^^fB[f^\z^m^nx\^^n\t. f^-y :/Ad>eAxB 

DRV. ytXX-f ^v^4 0 0U> 4 0 0L, /"^yyy/^ 
40 XBBUF, *5c};t/^J>X h-<>'^-*:7x~X2 0 0$J^ 
SbT3i^XhAXl 0 7tC'::>>i:^f'57^-i5^JS&*n>F 

(•TjS:^'^ F5<yB) (OiSSc|SifO;/h8e){CTi27-tiX:^pJ|g 

-e®5*-3^tt^DcDF^-f :/a, dc^J: 

(CKE±(0^^£;d^— >3 >75^?>. AXX'1'^y^/'^U5^^ 

^n^z^D.-)V^^\zmm^-^^^xsn^)'r^mn^U 

5^? JSII^aJ:^«> A-/>'rA*XBBF (.^M\zm&iVtz.^ 
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CO) ^liimbTA^y :7t 1 2 0-\. -^l.'C-^^\Z^<Dm, 
[0 0 5 9] z:rD<DmiLti:RAlDU^}V5(D^^mr) 

-^y'^'^^\z^r)mmmm\zno^iiilii'V^^o ft 

^^^^ ^^mm.'^xxn. vifwtu 

^:i^^W^U^^mmh±m(D:&m\z^O/^yyr 1 2 
By^^T-r^Tz^. nvyy 1 2 oj^t^t^^^nxv^ 

[0 0 6 0] 

"y^^^m^-r^^ o \zmmmt^ z, t,ffi-T^^^o so 
[0 0 6 1] ^rz^zi>hu-^\t±^(o^^\zy.hv 

[0 0 6 2] '^^\z^rz^rz:^a>hU'-^r-^¥:7 
^'\'i^tc^*n^^-^x-r^y^*3^r/7^-^^3ii (da 

ta manipttlation) n ^^i^ RAIDW^;U 
1, 3, 4. 5\zm^<y'-:$^1^m^^ZSy'-^mr)m 



4^li¥5- 1 9 7 4 9 5 

18 

WY^-(^±.\zi^m'^ritzmmy'-d^(Dn^s ^^xs^ 
m H y-t ^±.^<K>^-^mmm^^m'r^. 
[0 0 6 3] ^^m^±mmMm\z-D\^^xnm\^it. 
i)^. mmwmm^ommp^xm^ (omiifipjmx^^ z. 

mil 2fc^^<osf^bv^^js^jc^^<x^x^ri/ 
^2 0 0 fc-g'*n^ife3®iir?S(o:/n-; ^mmo^-mx^ 

[0 3] SllC^T^^Xh-r>i?^-73:-X|§rll::^D>y 
[134] 1^1 tC^-rDMA$im^31>rD-/^3 0 OF^tC 

[1^5] ^1 fc^-rDMA^j|i5iS:/n-/^ 3 0 OI^JC 
[0 6] mi^z^'T/'^y.y.^ y^zfuy^ 4 0 OVp^}Z 
[07] 0 6 {;:ij^T^iy5^^vzL— >iKD:/n:y^^gIT 
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